The discovery of oestrogenic activity in synthetic substances not possess ing the phenanthrene nucleus led eventually to interest in derivatives of stilbene, notably 4 : 4'-dihydroxy-stilbene, and in para alkyl substituted phenols (Dodds and Lawson 1937a; Dodds, Fitzgerald and Lawson 1937) . It was noted that p-propenyl phenol (anol) was a member of the latter series but in addition possessed structural similarity to the former. The substance was accordingly prepared and tested for oestrogenic activity, the potency being found of the same order as th at of oestrone (Dodds and Lawson 19376) .
Following this publication numerous workers repeated the preparation, but reports on the activity were conflicting. Confirmation of the original announcement was forthcoming from several laboratories but others were quite unable to obtain similar results. A reinvestigation of the subject showed th at while certain batches of crystalline material had high oestro genic activity, others were very much less active.
Later experiments demonstrated th at the mother-liquor from chloro form crystallization of crude anol contained a highly active substance, and the interesting observation was made th at anol which was completely in active in do'ses of 10 mg. in rats yielded an active gummy product on heat ing with potassium hydroxide and alcohol for 15 hr. at 180-200° C. The opinion was advanced that the high activity of some specimens of anol was due to co-separation of a highly active by-product, the by-product being possibly an anol polymer (Dodds and Lawson 1937c) .
Investigation into anol polymers resulted in the preparation of a dianol, 1 : 4-di-(p-hydroxyphenyl)-2-methyl-l-pentene, by the demethylation of " isoanethole" (Goodall and Haworth 1930) . This di-anol produced oestrus in castrated female rats in doses of 0-1 mg. (Campbell, Dodds and Lawson 1938a ). An attem pt was then made to determine whether this phenol occurred among the anol by-prodncts. This attem pt proved successful.
Oxidation of an oily fraction of the methylated by-products yielded both anisic acid and l-(p-methoxyphenyl) n-propyl methyl ketone. Conditions for this oxidation were based on those of Goodall and Haworth (1930) , who had used the method to prove the structure of " isoanethole" . It was also found th at a lower boiling fraction of the by-products contained p-w-propyl phenol, which was identified by means of its 3 : 5-dinitrobenzoyl derivative. This evidence of hydrogenation was later found of considerable importance, and in this respect it was noted th at the gases produced during the action of potassium hydroxide and alcohol on anethole in an autoclave contained a high proportion of hydrogen.
After a short time, Dodds, Golberg, Lawson and Robinson (1938) published an announcement of a series of compounds including 4 :4 '-dihydroxy-a : /Cdiethyl stilbene, which substance was found to be active in doses of between 0-0003 and 0-0004 mg. They pointed out that this substance was a possible anol dimeride.
The oxidation experiment which resulted in the identification of 1 : 4-di-(p-methoxyphenyl)-2-methyl-1 -pentene in the methylated anol by-products also indicated th at the same fraction contained a part resistant to oxidation. After repeated oxidation this remained unchanged and examination showed it to be saturated and to have the molecular formula of a dihydro-diane thole. Its oestrogenic activity was also found to be double that of the original, partly unsaturated, fraction from which it was obtained. On standing, this saturated oil deposited crystals which also possessed the character and molecular formula of a dihydro-dianethole, and on demethylation, yielded a crystalline phenol, a dihydro-dianol, which proved to be fully active in doses of 0-0002 mg. in rats. This dihydro-dianol melted at 184°.
The oily mother-liquor, from which these crystals had separated, was demethylated and a gum obtained which partly crystallized. The crystals were collected and purified. They melted at 122° and were active in doses of 1 mg. This product was also a dihydro-dianol.
Two crystalline dihydro-dianols thus required identification, and the difficulty of determining the structures of compounds of this type by analytical methods was realized. It was decided to attem pt, if necessary, synthesis of the six probable isomers which were expected to include the two in question.
I t was considered that the dihydro-dianols resulted from condensation of two molecules of anol or anethole, although the isomeric p-allyl phenol (chavicol) or its methyl ether (esdragol) might play some part. Possible products from such condensations taking place under hydrogenating conditions would be:
A. R-CH-CH-R. Isomer F could only result from condensation of two molecules of chavicol, a most unlikely occurrence since the presence of chavicol in the smallest quantity was entirely conjectural and would be dependent on the usual isomerisation of allyl to propenyl being a balanced reaction and hence capable of proceeding in the reverse direction. The methyl ether of this isomer had been obtained as the product of hydrogenation of an esdragol dimeride by J. M. v. d. Zanden (1938) , who also syn thesized it. This dihydrodi-esdragol was synthesized by a new method and the product of its demethylation found to be a crystalline solid melting a t 142° and showing no oestrogenic activity in doses of 100 mg. Isomer A possessed an accumulation of theoretical evidence in its favour. The high activity of 4 : 4-dihydroxy-a : //-diethyl stilbene was outstanding in this respect. I t is interesting to note th at Serini and Steinruck (1937) mentioned the isolation of substances of this type from the products of demethylation of anethole with ethyl or w-propyl iodide. Positive evidence for the diphenylethane type of structure was supplied by Dr R. K. Callow, who showed th at the very active dihydro-dianol (m.p. 184°) possessed an absorption spectrum different from th at of 4 : 4'-dihydroxy-a : //-diethyl stilbene, but closely resembling th at of 4 : 4'-dihydroxy-a : //-diphenyl ethane. Doubtless the ethylenic double bond makes comparison of a stilbene derivative with a saturated compound of little use. Dodds, Golberg, Lawson and Robinson (1938) had included 4: 4'-dihydroxy-y: </-diphenyl-whexane among the compounds announced in the preliminary publication which included the corresponding stilbene derivative, but described the hexane as an oil. Since on stereochemical grounds two isomers, meso and racemic, would be expected, hydrogenation of 4 : 4'-diliydroxy-a : //-diethyl stilbene was carried out, yielding with difficulty, a product melting at 128°, active in doses of 0*1 mg. and not identical with either of the two dihydro-dianols. This structure was, for a time, abandoned, and attention directed toward the remaining four structures.
Isomer B was readily obtained by hydrogenation of " isoanethole" and demethylation of the oily methyl ether. The phenol melted at 128° and proved to be identical with the lower melting member of the two dihydrodianols under consideration (m.p. 122°).
Isomer D was synthesized according to the scheme depicted below, and was obtained as a crystalline solid melting at 98° and active in doses of 5 m g.:
Isomer C was synthesized as below and proved to be a solid melting at 152° and active in doses of 10 mg. At this point in the research a re-investigation of structure A was planned. Hydrogenation of a new specimen of 4 : 4'-dihydroxyl-a : /?-diethyl stilbene gave a product, again with difficulty, which by fractional crystallization yielded two crystalline substances, one of which was identical with the highly active dihydro-dianol (m.p. 184°). This was in full accordance with theoretical anticipation. Hydrogenation of 4 : 4'-dihydroxy-y : ^-diphenyl hexadiene (Dodds, Golberg, Lawson and Robinson 1938) gave an almost quantitative yield of 4 : 4'-dihydroxy-y : ^-diphenyl-w-hexane (m.p. 184°) and a new synthesis from the reaction between anisaldazine and ethyl magnesium bromide yielded the methyl ether, melting at 144°, which on demethylation gave a small yield of the higher melting hexane derivative (m.p. 184°). The products of all syntheses possessed identical oestrogenic activity and it seems reasonable to suppose that this 4 : 4'-dihydroxy-y : ^-diphenyl-w-hexane is the substance whose co-separation with impure anol caused that material to show surprisingly high activity. There were no indications whatever of the presence of any other oestrogen of even comparable potency in the anol by-products, although a careful examina tion was made of each fraction and sub-fraction.
OH OH

R-CH2-CO-CH3 -» R-CH2-C-C-CH2--> CH=C
A preliminary notice of the isolation of this substance from the anol by-products was made by Campbell, Dodds and Lawson (19386) and an account of the first syntheses included in a paper by Dodds, Golberg, Lawson and Robinson (1939) .
E x p e r im e n t a l
Analysis of anol by-products
Anethole was heated for 40 hr. with two parts of potassium hydroxide and four parts of ethyl alcohol at 200°. The cooled reaction-mixture was steam-distilled to remove alcohol, diluted to 2 1./100 g. anethole and methy lated by shaking with 150 g. methyl sulphate per 100 g. anethole, added in small quantities during 1 hr., the temperature being maintained at 35-40°. The mixture was steam-distilled to remove most of the reformed anethole, the residual thick oil distilled in glass apparatus at low pressure and two fractions collected: A, up to 150°/0-15-0-20 mm., which was then redistilled, and the residue added to B, which distilled between 160° and 190°/0-15-0-20 mm.
A was demethylated by heating with potassium hydroxide and alcohol in a sealed tube, and the resulting phenols fractionally crystallized. A fraction was obtained which yielded a 3 : 5-dinitrobenzoyl derivative melting at 116-117° (from ethyl alcohol). This did not depress the meltingpoint of p-w-propyl phenol 3 : 5-dinitrobenzoate (m.p. 118°). (Found: C, 58-1; H, 4-5. C16H140 6N2 requires C, 58-3; H, 4-3%.) B was redistilled, mainly passing over at 160-170°/0-15-0-20 mm. This fraction was dissolved in purified acetone (20 c.c./g.), cooled in ice, and finely powdered potassium permanganate, equal to the weight of the fraction, added. Stirring in an ice-bath was continued until reduction of the permanganate was complete. An equal weight of sodium bicarbonate was then added and the whole filtered and washed with acetone. The residue was extracted with boiling water and the aqueous liquid acidified. The precipitate consisted chiefly of anisic acid (m.p. 182°). The acetone solution was filtered and evaporated, and the oily residue distilled at low pressure. The first fraction (below 100°/0-3 mm.) was redistilled and was found to consist of a-p-methoxyphenyl w-propyl methyl ketone-identified by its semicarbazone (m.p. 189°). The combined residues were dissolved in acetone and the oxidation repeated, employing half of their weight of potassium permanganate, any excess after 40 hr. being removed by cautious addition of acetaldehyde to the warm liquid. The liquid was filtered, the acetone removed and the residue fractionated at low pressure. The fraction distilling at 120-145°/0-09 mm. deposited crystals after standing 2-3 weeks. They were collected and recrystallized from alcohol (m.p. 144°). and benzene (25 c.c.) were then added and the mixture heated for a further hour, then filtered. The residue was boiled for 15 min. with benzene, filtered, and the combined filtrates freed from water and benzene. The residue was distilled to remove unchanged ketone (recovery 10 g.) and the gummy residue crystallized from ethyl acetate-light petroleum (b.p. 60-80°), then recrystallized from 80 % acetic acid and twice from alcohol (m.p. 135°).
(Found: C, 72-7; H, 7-7. C20H26O4 requires C, 72-7; H, 7-9%.) Yield 10 g.
: 4-di-(p-methoxyphenyl)-2 : 3-butadiene
The pinacol (6 g.) was heated under reflux with acetyl chloride (15 c.c.) and acetic anhydride (30 c.c.) for 2 hr. The mixture was cooled, poured into water, warmed to complete hydrolysis of reagents and cooled. The crystalline product was recrystallized from alcohol (m.p. 163-164°).
(Found: C, 81-6; H, 7-7. C20H22O2 requires C, 81-6; H, 7-5%.) Yield 1-5 g.
: 4 -d i -( p -h y d r o x y p h e n y l ) -2 : 3-butane
The dimethyl ether (0-2 g.) was heated for 2 hr. with acetic acid (2 c.c.) and hydriodic acid sp. gr. 1-94 (8 c.c.) at 140°. The mixture was diluted with water and the product crystallized from benzene-light petroleum (m.p. 151-152°). (Found: C, H, . C18H220 2 requires C, 80-0; H, 8-2 %.) Yield 0-1 g.
:
± -di-(p-methoxyphenyl)-\-hexenon (p-Methoxyphenyl) ^-propyl methyl ketone (12*7 g.) (Goodall and Haworth 1930) was mixed with anisaldehyde (9 g.) in alcohol (30 c.c.) and a few drops of alcoholic sodium ethoxide added. The mixture was boiled for 5 min. and cooled. The crystalline product was recrystallized from alcohol (m.p. 76). (Found: C, 77-3; H, 7-2. C20H22O3 requires C, 77*4; H, 7-15%.) Yield 14 g.
: 4 -di-(p-methoxy phenyl)
The unsaturated ketone (10 g.) was hydrogenated as above, absorbing the theoretical quantity of hydrogen in 2 hr. The product was recrystallized from alcohol (m.p. 69°). (Found: C, 77-0; H, 7-7. C20H24O3 requires C, 76-9; H, 7-7 %.) Yield 9 g.
:
4
-d i -( p -m e t h o x y p h e n y l )h exane
The ketone (8 g.) was boiled under reflux for 20 hr. with zinc wool (30 g.), previously amalgamated in 5 % mercuric chloride solution, fuming hydro chloric acid (50 c.c.) and acetic acid (50 c.c.). The mixture was cooled and diluted with water. The product was recrystallized from alcohol (m.p. 53°). (Found: C, H, H, 8*8%.) Yield 5 g.
I : 4 -di-(p-hydroxy p h e n y l ) hexane
The dimethyl ether (4 g.) was boiled gently with hydriodic acid sp. gr. T7 (100 c.c.) for 2 hr. in a slow current of nitrogen. The product was worked up in the usual manner and crystallized in contact with light petroleum. I t was recrystallized from light petroleum and from benzene (m.p. 98°). Adipic acid (25 g.) was converted into the chloride by gentle warming with thionyl chloride (200 c.c.) for 1 hr., after which excess thionyl chloride was removed at low temperature. The product was dissolved in carbon disulphide (100 c.c.) and added gradually to a cooled, stirred mixture of powdered aluminium chloride (60 g.), anisole (35 c.c.), and carbon disul phide (200 c.c.) . Stirring was continued for 5 hr. and the mixture left overnight. The whole was poured into hydrochloric acid and crushed ice, freed from carbon disulphide and anisole by steam distillation, and the residual solid recrystallized twice from alcohol (m.p. 146°). (Found: C, 73-5; H, 6-8. C20H22O4 requires C, 73-6, H, 6-8 %.) Yield 20 g.
:
Q-di-(p-methoxyphenyl) hexane
See also v. d. Zanden 1938. The diketone (10 g.) was reduced by Clemmensen's method, a little tetrahydronaphthalene being added to assist liquefaction. The product was recrystallized from light petroleum (m.p. 71°). Yield 4-8 g.
: 6 -di-(p-hydroxy p h e n y l ) h e x a n e
The dimethyl ether (3 g.) was boiled gently with hydriodic acid sp. gr. l-7 (7 5 c.c.)ina slow current of nitrogen for 2 h r. The crystalline product was re crystallized from benzene (m.p. 143-144°). (Found: C, 79-9; H, 8-2. C18H220 2 requires C, 80-0, H, 8*2 %.) Yield 1-5 g.
New synthesis of 4 : 4 ' -d i h y d r o x y -y: 8-diphenyl hexane
See also Dodds, Golberg, Lawson and Robinson (1939) . Anisaldazine (13-4 g.) was slowly added to a Grignard solution prepared from magnesium (4-4 g.) and ethyl bromide (22 g.) in dry ether (150 c.c.). The mixture was heated under reflux for 1| hr., cooled and decomposed with crushed ice and ammonium chloride. The ethereal layer was washed, dried and saturated with hydrogen chloride. After standing overnight in a refrigerator the ether was decanted, diluted with an equal volume of light petroleum, shaken and filtered. The filtrate was washed with water and with sodium bicarbonate solution, dried and the solvent removed. The residual oil deposited crystals on standing which were pressed on a porous title and recrystallized from alcohol (m.p. 144°). This was demethylated with potassium hydroxide and alcohol at 200° and the product crystallized from benzene (m.p. 184°). Yield 0*1 g.
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S u m m a r y
Demethylation of anethole by heating with potassium hydroxide and alcohol under pressure produces three oestrogenic substances of which one, produced in very small amount, is intensely active. These three have been isolated and identified, the most potent being 4 : 4'-dihydroxy-y : 8-diphenyl-w-hexane. Syntheses of these and of several other dihydrodimerides of p-propenyl phenol are also described.
